ABSTRACT
INTRODUCTION
hailand is one of the fast growing economies in the world with an average of 6.2 per cent per annum during 1960 and 2007. Growth obviously accelerated during the late 1980s. High economic growth rates cause real per capita GDP to rise more than 3.3 times in 47 years. Real output has been growing very much faster in nonagricultural sector (25.2 times in 47 years) than in agricultural sector (5.2 times in 47 years). Employment in the recent decade grew by 2 per cent of which was the strongest in non-agriculture (2.9 per cent per Several studies on sources of growth have been conducted around the world as well as for Thailand. A number of models of economic growth have been studied and can be traced back to Adam Smith (specialization and learning by doing), the Multhus dismal model (diminishing marginal returns due to a fixed capital factor), the Schumpeterian model of innovation, and the Harrod-Domar model of the role of saving and investment. Solow (1956 and 1957) was one of the neoclassical economists who originally developed a useful framework of the residual growth or later called "total factor productivity (TFP) growth". The shift of production function is to explain for the increase in total factor productivity of the economy of which was exogenously determined in the Solow's residual growth model. Technological progress has been one of the factors to claim for the increase in the TFP and to generate the permanent growth of the economy. Recently, many economists have searched for the causes of growth and have augmented the growth model by adding other possible explanatory variables. Denison (1985) tried to combine information on growth of input factor (labour) in terms of both quantity and quality. He found technological growth did not account for all observed growth. The variation over time of the estimated productivity growth observed in the study pointed out a question of what determined the productivity growth. The endogenous models of technological progress has therefore brought into attention to describe the process under the long run economic growth. The economists in this new growth theory approach include Romer (1990 and 1994) .
This study augments human capital into the analytical model of production function. The extension of the production function model to include human capital is to view in fact that this model extension takes a broader view of capital than it was. In the same manner as it is in the regression analysis of time series, the study also accounts that the residual from the estimated econometric model must be a White Noise process. The study explored to see whether the model that incorporates a major input factor; i.e., human capital, can provide a sound econometric model result as well as a confirmation that the TFP growth can be endogenously incorporated into the growth model instead of exogenously given as it was suggested.
II. TFP GROWTH OF THAILAND
A number of studies had found the main factor of economic growth in Thailand was capital contribution. Limskul (1988) estimated the TFP growth in Thailand compared to the newly industrializing economies (Japan, China, and Korea (Rep)). There were 4 sectors in the study; i.e., the primary sector; the manufacturing sector (including mining, construction, and transportation), the finance sector; and the service sector. Both CES and VES functional forms of the production function were estimated and applied during 1960 -1986. The TFP growth was found to be highest in the electricity and water supply sector while it was negative for most sectors of the study. Capital input was the largest contribution to growth which was found similar to the case of Japan, Tinakorn and Sussangkarn (1998) estimated TFP growth in Thailand using the growth accounting method and based on the Solow-Denison approach, The study estimated for both the aggregate level and the sectoral level. The study also incorporated labour input factor in terms of both change in its quality and quantity. The study classified labour input by age, sex, and level of education and an adjustment was made to construct an index of labour quality. The TFP growth was analyzed taking into account its capacity utilization rate of capital. The conclusion indicated that the contribution of labor and quality were 0.96 (11.9 per cent), 1.80 (22.2 per cent) while it was 5.01 (61.8 per cent) for capital, and 0.03 (0.4 per cent) for land respectively during 1980 -1995. It should be noted that the contribution of the adjusted (incorporated quality of labour) TFP growth was 1.3 (15.6 per cent) which was smaller when it was compared to 2.11 (26 per cent).of the non adjusted TFP growth.
Kaipornsak (1995) estimated Thailand's TFP growth in 8 economic sectors, 13 industrial sectors, and 5 major crops. The econometric estimation was based on the Cobb-Douglas production function and compared with translog functional form under the constant returns to scale assumption. Results were found consistent with Limskul (1988) that TFP growth contributed most in the electricity and water supply sector. Capital was the largest contributor to growth. He also found that TFP growth showed a declining trend in the manufacturing sector. Brimble (1987) estimated TFP growth of 139 companies in 7 industries during 1975-83 using an approach of the translog production function under the constant returns to scale assumption. The study found that growth in input factors of production contributed for 60.2 per cent of the output growth of which 0.7 per cent were from labor factor contribution, 10.8 per cent from capital factor contribution, 48.7 per cent from intermediate factor contribution, and 39.9 per cent from TFP growth contribution. The highest TFP growth was found in the automobile (7.6 per cent) and electrical industries (6.9 per cent) and lowest in the rubber industry.
Office of the National Economic and Social Development Board has frequently calculated the TFP growth in Thailand using the growth accounting approach assuming that in the equilibrium factor elasticity is equal to factor share. The factors' shares are the weights used in the calculation of the TFP growth as regularly done in the growth accounting framework. It was also found that capital input was the main source of growth in Thailand during the period of the study during 1982 -2006.
Chandrachai, Tubtimthong and Chokpisansin (2004) calculated the TFP growth in Thailand during 1977 -99 using the growth accounting method. The study incorporated quality into the labour input by taking into account of age, sex and level of education. The units of efficiency labour input were constructed to adjust for labour quality improvement during the period of the study. The average TFP growth using efficiency units of employment was found to reduce when compared to the TFP growth of those using number of employement units. Capital input was found the highest contributor of the source of growth.
III. ROLE OF HUMAN CAPITAL IN ECONOMIC GROWTH
Generally, human capital can be thought as a resource or factor input of production that is an attribute of a person that is productive. As human capital, it can be invested in various ways such as (formal and informal) education, health care, or even learning by doing. With the mention, its returns are in the form of wage, salary, or any other compensation.
Human capital is considered to play an important role in modern growth theory. Empirically, however, the effect of human capital on growth and productivity has been found mixed probably due to the estimation problem. This study is based on the hypothesis that we allow human capital to be incorporated in the model of output growth to reflect its role as an important component of capital input. Mankiw, Romer and Weil (1992) additionally allowed for human capital to play a role and empirically found, using cross countries data, that the finding is encouraging for the human capital model. Lucas (1988) also linked human capital with the TFP growth in his study. Kim and Lau (1994) implied the role of human capital in their study. They found no technological progress in East Asian developing economies in the period of mid 1990s, the period before the Asian financial crisis. The reason was explained that the technological progress reflects the effect of investment in human capital and research and development (intangible capital). These East Asian countries had however invested little in such capital at that time.
Human capital can be thought of as knowledge gained by human resources. It can be invested just like the creation of physical capital by way of education, training, learning by doing and even health improvement. In this manner, investment in human capital is required to replace expired human capital that has gone away such as those who pass away or are retiring.
Assuming the production function of two major factor input of an economy takes the form of CobbDouglas, the model which adds a human capital input can therefore be written as showed in Equation (1) below. Here, the growth of three factor inputs and level of technology (A) can be written as the equation below.
Data for human capital can be proxied by various ways as long as it indicates the size of the stock of human that can also be invested and accumulated into the human capital stock. In many studies as well as in Mankiew, Romer and Weil (1992), enrollment levels for secondary education in each country were used for human capital index as there was no measure of human capital for any country.
To examine the role of human capital, this study firstly constructed a simple human capital index for 3 economic sectors (agriculture, industry and services) using the Mincerian approach of wage regression. The concept used in the study shows that human capital and market wage are related as in Equation (3) below.
Where W t = market wage rate p t = price of skill H t = quantity of skills or human capital
Wage equation estimation
From the above concept, it implies that the growth of wage rate comes from the growth of human capital and its price. Mincer (1974) developed his famous wage equation showing the relationship between wages, schooling, experience, and experience 2 . While education and experience are potential sources of human capital growth of the workforce, this study estimates the wage equation based on these two factors. Due to data limitation, this study regressed wage (W, real earnings per month) on education (ED, years of school attainment), age (Age, a proxy of experience), and Gender (Gend, =1, if male) as in Equation (4) below. 
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Remark for instance that
is the effect of education on real wage that was  1 in 1993 and was  1 +  2 in 2006 or increased by  2 within 13 years during the period of the study. By assuming that the effect of change in real wage is a linear form, therefore, the study can estimate the rate of change of the effect of education on wage per year in average. Similarly, the effects of experience (age) and gender (gend) can also be examined in the same manner. Result of the estimation of the wage equation (4) is shown in Table 1 below. From the estimations of the 3 sectoral equations, some interesting findings and implications can be concluded as follows:
Real minimum (or lump sum) compensation or earnings (W) was on average of 6,265.41 baht per month (calculated from the intercept). This can be thought of as an effect of a specific factor of sectoral workers in agriculture.
2.
In 1993, more education received by workers was found to have insignificant effect on the real worker's earnings in agriculture. It was found to have an increasing effect on earnings in 2006 (or had more return on education received). When a worker has a 1 per cent increase in education attainment level, the earnings in 2006 would increase by 0.46 per cent of his or her return additionally on the effect in 1993. 3.
Age may be thought of as the experience workers obtained in their working life. Consistently found in the estimation that the age profile of earnings took the form of an inversed U shape implying a little decline of earnings after a period of working life. However, no significant change on earnings by the effect of more experience in 2006 from 1993 in the agriculture sector was found. 4.
Male workers can earn significantly more than female workers as the result of the equation estimation in the agricultural sector. It is interesting to note that this difference in earnings between genders showed a smaller gap in all sectors in 2006.
Industry

1.
Real minimum (or lump sum) earnings (W) were on average of 7,238.72 baht per month (calculated from the intercept). This can be thought of as an effect of a specific factor of workers in the industry. Note that it is larger than those in agriculture. 2.
In 1993, education of workers was found to have a significant effect on real worker's earnings in the industry (by 0.18 per cent). Education was also found to have an increasing effect on earnings (or had more return on education received). Male workers can earn significantly more than female workers in the industry. It is interesting to note however that, in case of industry, the difference was found becoming close to zero or no difference in 2006.
Services
1.
Real minimum (or lump sum) earnings (W) were on average of 674.38 baht per month (calculated from the intercept). This can be thought of as an effect of a specific factor of workers in industry. It should be noted that the minimum earnings in the service sector was rather small compared to other sectors. Consistently found in the estimation is that the effect of experience on earnings took the form of an inversed U shape. As well as being found in the industry, the slope ( 3 ) or curvature of the inversed U curve indicated to becoming flatter in the industry recently in 2006.
4.
Male workers can earn significantly more than female workers in services. The difference gap ( 4 ) was found less in 2006.
Human capital index
By assuming that education and experience are factors of investment in human capital, the study took the estimated wage equation to generate the human capital index for the three sectors during 1993:1 to 2006:4. Education and experience variables of workers for each quarter in each sector were then calculated for the human capital index using parameters in the estimated model of earnings by giving the index equal to 100 for the initial year in 1993:1. Results from the calculation of the human capital index for the three sectors are shown in Figure 1 below. 
IV. SECTORAL PRODUCTION FUNCTION AND SOURCES OF GROWTH
The model of growth in the study introduced technological changes through 3 most important factors of input; i.e., physical capital, human capital and labour. The production function can then be shown as in Equation (5) The Cobb Douglas was used in the empirical study as it is a well known simple functional form that obeys all properties of the production function. In addition, it requires not too many variables involved in the econometric estimation while the data is available in quite a limited length of time series. Hence the production function is written as in Equation (6).
Taking logarithmic of Equation (7) 
Here  = TFP growth which is fixed  t = Residual of the estimated model that obeys the classical assumption of estimation
Data and Stationary Test
There are 3 economic sectors; i.e., agriculture, industry and services classified in the study. Econometrics of time series was pursued in this study. Data of GDP (at constant prices), net capital stock (at constant prices) were drawn from the National Economic and Social Development Board. The Number of employed workers was extracted from survey data records of the National Statistical Office. Human capital is the human capital index constructed in this study discussed earlier. The data used in the study is during 1993 quarter 1 to 2006 quarter 4.
As the data used here is in time series, the study conducted the test for unit root of all variables involved. Augmented Dickey Fuller Test for unit root was used to test and found that most of the variables were Non Stationary process and I(1) (see Table 2 ).
When the data is non stationary process, it is possible to find a spurious relationship between those time series. In order to get the precise results from the estimation of TFP growth, the study has to avoid the spurious regression problem.
When all variables are non stationary (I(1)) and if cointegration is found, there exists a long run relationship between them. The unit root test of the residuals from the sectoral production function as shown in Equation (8) and (9) were carried out to see if the cointegration exists. The approach of vector error correction mechanism model of the multivariate time series was used to show if there is a long run relationship or the role of human capital and the TFP growth in the three sectoral growth models. 1. all are in logarithmic form 2. # lag length is based on SIC
The Model
The vector error correction mechanism (VECM) approach was applied to the production function as shown in Equation (10) below. Since the study uses quarterly data, it is therefore allowed for time difference of every 4 quarters' lag length or higher order in the short run dynamic (the difference terms in the VECM equations) as shown in Equation (9) . The higher than four of the lag lengths would be used in the model until no autocorrelation of the residual were found. In addition, as the capital input in agriculture and labour input in the services were found to be I(2), the first difference term of these two variables were used in the VECM Equation (8) in the two sectors. In order to find the estimation result that conforms to Equation (7) above, we choose the option in the estimation that the cointegrating equation has a linear trend. The study then can test to confirm the role of the TFP growth whether the linear trend is statistically significant.
Equation (8) represents a dynamic model of the production function (Equation (7)) that we can identify the role of human capital, TFP growth, and the contribution of other inputs in the economic growth. The Johansen Cointegration test (both Trace test and Max-eigenvalue test) indicated 3 cointegrating equations for agriculture and industry, and 2 coinetgrating equations for services. The study, however, focused only on one cointegrating equation for all 3 sectors since it is unclear economic meaning for the other cointegrating equations.
For the whole economy, the study allowed possible interactions among the three economic sectors in the economy that jointly determine their productions in the long run. The model for the whole economy was therefore estimated by treating the output of the three sectors to be endogenous in the VECM model. The Johansen Cointegration test (both Trace test and Max-eigenvalue test) indicated 1 cointegrating equation. Results of the estimation are shown in Table 4 below. Results of the three sectoral estimations are as follows:
Agriculture
In agriculture (Table 3 .1), the study found all long run variables significant. While physical capital and human capital were found significantly contributing to growth, labour was found negatively contributing perhaps due to the declining workers in the farms as recently realized. Surprisingly, the contribution of the TFP growth was found to be negative. This requires attention for agricultural development in Thailand. Most estimated coefficients in the short run were insignificant implying unclear relationships between factor inputs and sectoral output in the short run and the adjustment mechanism works to adjust the production function itself to the equilibrium.
It should be noted that there was no land factor input included in this model due to unavailability of quarterly data. The exclusion of land could cause in biasness of the estimation result and perhaps could explain some surprising results above. The autocorrelation LM test was conducted and no autocorrelation was found. 
Industry
In industry (Table 3. 2), the study found physical capital and the TFP growth playing a significant and positive role in the growth of output in the long run. Human capital was found positively but insignificantly 48 contributing to its output. Similarly to that finding in agriculture, the relationships between factor inputs and sectoral output were mostly found insignificant in the short run indicating unclear relationship and the adjustment mechanism works to adjust the production function itself to the equilibrium. The role of the TFP growth and physical capital were important to growth in industry. The autocorrelation LM test was conducted and no autocorrelation was found. 
Services
In services (Table 3. 3), labour played a significant role in the growth of output in the long run, perhaps due to relatively inexpensive cost of labour. Human capital and TFP growth were found positively but insignificantly contributing to its output. The autocorrelation LM test was conducted and no autocorrelation was found.
3.4
The whole economy
As expected, the test confirmed one cointegrating relation. The finding interestingly indicated that in the long run the growth of industry can be traded off with those of agriculture and services (Table 4 ). This finding also indicates the economy jointly determines sectoral productions for the economy in the long run due to limited resources. Most of all, the TFP growth was found to play a significant role to the long run combination of output in the Thai economy. 
